This study focuses on the detection of temporal changes in annual maximum gage height (GH) 25 across the continental United States and their relationship to changes in short-and long-term 26 precipitation. Analyses are based on 1805 U.S. Geological Survey records over the 1985-2015 27 period and are performed using quantile regression. Trends were significant only at a limited 28 number of sites, with a higher number of detections at the tails of the distribution. Overall, we 29 found only weak evidence that the annual maximum GH records have been changing over the 30 continental United States during the past 30 years, possibly due to a weak signal of change, large 31 variability, and limited record length. In addition to trend detection, we also assessed to what 32 extent these changes can be attributed to storm total rainfall and long-term precipitation. Our 33 findings indicate that temporal changes in GH maxima are largely driven by storm total rainfall 34 across large areas of the continental United States (east of the 100 th meridian, U.S. West Coast). 35
Long-term precipitation accumulation, on the other hand, is a strong flood predictor in regions 36
where snowmelt is an important flood generating mechanism (e.g., northern Great Plains, Rocky 37
Mountains), and is overall a relatively less important predictor of extreme flood events. 38 39 1. Introduction 40 The issue of temporal changes in flooding is one that has received extensive attention in the 41 peer-reviewed literature (consult Villarini and Slater (2017) for a recent review). Changing flood 42 patterns and the existence of increasing or decreasing flood trends (both in terms of flood 43 frequency and magnitude) have important implications for the design of water-related projects 44 and flood mitigation measures, even though it is recognized that such trends cannot and should 45 not be directly extrapolated into the future. The approach most widely used to detect changes in 46 flooding resorts to: 1) the use of annual maximum discharge records, and 2) the application of 47 the Mann-Kendall test to these time series. Statements about the presence of statistically 48 significant increasing/decreasing trends are generally made as the outcome of these analyses. 49
While this traditional approach has several advantages (e.g., it is easy to perform, standardized, 50
and results can be compared across different areas), it can be complemented and improved upon 51 by working with different flood-related quantities and by using other methodologies. 52
Most of the attention in the literature has been on annual maximum discharge data. As 53 discussed in Slater et al. (2015) and Slater (2016) , the use of discharge data for detecting changes 54 in flood hazard is not ideal, as high flow measurements are subject to errors associated with 55 rating curve uncertainty, and discharge trends may conceal the effect of changes in the river 56 channel capacity on the flood hazard. The literature so far has largely focused on the refinement of trend detection methods to 85 detect changes in flooding. While trend detection is useful, it remains limited if one does not 86 attempt to understand the drivers that are responsible for the observed changes (see Merz et al. 87 (2012) for a discussion). For instance, Slater and Villarini (2016) found that the frequency of 88 exceedance of the NWS flood thresholds by GH can generally be described in terms of 89 precipitation and basin wetness. Here we focus on precipitation occurring in the 10-day period 90 prior to a GH annual maximum event ("storm precipitation") and in the 365 days prior to the 91 storm ("basin wetness") as the key drivers of the observed changes in GH extremes, similar to 92
Slater and Villarini (2016). Moreover, we explore the dependence of these results on the 93 different quantiles of the GH distribution using quantile regression. (Figure 1 ). These data are a subset of those used in 107 Slater and Villarini (2016) , where all of the data processing details are provided. At each site, we 108 identify the largest daily GH value in every complete water year (defined as having at least 330 109 daily observations). In water years where two identical GH maxima were selected, we retain only 110 the earliest of the two. 111
To explain the year-to-year variations in GH annual maxima, we compute antecedent 112 wetness over the short term ("storm precipitation") and long term ("basin wetness") using 113 precipitation data from the PRISM Climate Group (e. 
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Analyses of temporal changes in the GH records using the Mann-Kendall test (Figure 2 , 145 bottom-right panel) indicate that just 35 (77) sites have statistically significant increasing 146 (decreasing) trends, with the majority of the decreasing trends generally located in the southern 147 part of the United States. As previously discussed, however, the Mann-Kendall test focuses on 148 the central part of the conditional distribution of GH, potentially missing changes that occur at 149 the tails. Figure 2 shows that the broad separation of increasing/decreasing trends in the 150 northern/southern half of the continental United States is generally still detected using quantile 151 regression. However, as shown in Figure 2 and Supplementary Figure 1 , more changes are 152 detected when we focus on low and high τ values, which suggests that the temporal changes in 153 GH are stronger at the lower and upper tails of the distribution. Furthermore, there are areas like 154 the U.S. Pacific Northwest where the lower quantiles of the GH distribution show increasing 155 trends, while the higher quantiles display the opposite tendency; this discrepancy points to a 156 narrowing of the GH distribution in the most recent years. Given the limited number of sites with 157 statistically significant results, we applied the Walker's test and the false discovery rate test 158 (Wilks 2006) , and found that they were not field significant. The lack of a strong indication of 159 statistically significant trends may be due to the weak signal, the large noise associated with the 160 extremes, and to the limited (i.e., 30 years) record length. 161
Broadly speaking, these results are consistent with Slater and Villarini (2016) , who found 162 that the frequency of exceedance of NWS flood levels was not uniform with the United States, 163 but rather characterized by a broad north/south divide. Slater and Villarini (2016) , however, 164 found a greater proportion of sites with statistically significant trends in the number of annual 165 days above the NWS flood levels. By comparing all of these results, we find that the GH has not 166 been increasing in magnitude over the past 30 years, but rather that there have been changes in 167 the duration of flood level exceedance (increases or decreases depending on the location). One 168 possible research direction moving forward is to focus on the persistence of large-scale climate 169 conditions that are conducive to wetter/dryer periods, and to examine how these conditions may 170 have changed over the past 30 years. 171
In addition to the detection of temporal changes in GH extremes, we use quantile regression 172 to quantify the role played by storm precipitation and basin wetness for different parts of the GH 173 distribution (Figure 3 ). Storm precipitation is identified as a statistically significant predictor of 174 GH magnitude across large areas east of the 100 th meridian and along the U.S. West Coast 175
( Figure 3 , left panels). This is consistent with the expectation that liquid precipitation (i.e., 176 rainfall) drives the occurrence of these flood events (e.g., Villarini 2016, Berghuijs et al. 2016 ). 177
In contrast, in the northern Great Plains, the Rocky Mountains, and the north-eastern United 178
States the flood events do not exhibit a statistically significant relationship with storm 179 precipitation, likely because the vast majority of these events are driven by snowmelt (e.g., 180
Berghuijs et al. 2016). Overall, the central part of the GH distribution tends to be more closely 181 related to storm precipitation (Figure 4 , top panel), possibly due to the use of a 10-day window 182 across all sites.
183
The results differ when we focus on the role played by basin wetness ( Figure 3 , right panels; 184 Figure 4 , bottom panel). Most of the regions for which we did not find a statistically significant 185 relationship with storm precipitation (e.g., northern Great Plains and Rocky Mountains) do 186 present a statistically significant relationship with basin wetness. The dependence of these results 187 on conditional quantiles is also different from the results that were found using storm 188 precipitation as a predictor. As shown in Figure 4 
